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Abstract: Dentigerous cyst (DC) and keratocystic odontogenic tumor (KOT) are odontogenic lesions arising from 
epithelial elements, such as those observed in dental follicles (DF), that have been part of the tooth forming apparatus. 
These lesions show different clinical and histological characteristics, as well as distinct biological behavior. This study 
aimed to qualify and quantify collagen and elastic fibers by means of histochemical techniques with light and confocal 
laser microscopic methods in three odontogenic entities. Eleven DF, 13 DC (n=10 with inflammation, n=3 without 
inflammation) and 13 KOT were processed to the following techniques: Hematoxylin and Eosin, Masson's Trichrome, 
Picrosirius, Direct Blue, and Orcein. DF and DC without inflammation exhibited collagen with similar 
characteristics: no parallel pattern of fiber orientation, thick fibers with dense arrangement, and absence of distinct layers. 
A comparison between DC with inflammation and KOT revealed similar collagen organization, showing distinct layers: 
thin collagen fibers with loose arrangement near the epithelium and thick fibers with dense arrangement in distant areas. 
The only difference found was that KOT exhibited a parallel collagen orientation in relation to the odontogenic epithelia. 
It may be suggested that the connective tissue of DC is a reactive tissue, inducing an expansive growth associated with 
fluid accumulation and inflammatory process, which in turn may be present as part of the lesion itself. In KOT, loosely 
arranged collagen may be associated with the behavior of the neoplastic epithelium. 
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INTRODUCTION 

Dental follicle (DF) is a structure that surrounds 
unerupted teeth and is composed of fibrous connective tissue 
that contains remnants of odontogenic epithelium with pro- 
liferative potential [1-3]. The proliferative potential of odon- 
togenic epithelium in DF is not completely clear. In addition, 
the origin of some odontogenic cysts and tumors is attributed 
to this epithelium [4-6]. The most prevalent of these pa- 
thologies are dentigerous cysts (DCs) and keratocystic odon- 
togenic tumors (KOTs) [6-9]. DC and KOT are odontogenic 
lesions arising from epithelial elements that have been part 
of the tooth forming apparatus. Although presenting a cystic 
appearance, DC and KOT show different clinical and his- 
tological characteristics, as well as distinct biological behav- 
ior [10]. KOTs have a relatively higher recurrence rate when 
compared with odontogenic cysts [7] and demonstrate lo- 
cally aggressive behavior [6]. Several studies have been car- 
ried out in order to establish what drives the distinct features 
of KOT [10-14]. Most studies have focused on the evalua- 
tion of the proliferative activity in the epithelial component 
of these lesions [8, 15, 16]. KOT has shown increased prolif- 
erative activity when compared to DC and other cystic le- 
sions [16]. 
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The role of the extracellular matrix (ECM) in the 
pathogenesis and behavior of epithelial odontogenic lesions 
has been demonstrated in some publications [8, 9, 17, 18], 
suggesting that these lesions could be dependent on epithe- 
lial-mesenchymal interactions [9, 17, 19-24]. The ECM is a 
dynamic, intricate network of macromolecules that plays an 
important role in the maintenance of a correct microenvi- 
ronment for basic cell functions, such as celladhesion, prolif- 
eration, and differentiation [25-28]. The major components 
of ECM are collagens, proteoglycans, and glycoproteins [28, 
29]. The fibrous components of the ECM are classically di- 
vided into three fiber types: collagen, reticular, and elastic 
fibers. Some studies have addressed the role of ECM com- 
ponents in epithelial odontogenic lesions, especially the col- 
lagen component of DF, DC, and KOT, and discrepancies 
were observed [1, 2, 9, 18, 30, 31]. Other ECM components, 
such as fibronectin, laminin, and tenascin have also been 
studied. The presence and distribution of elastic system fi- 
bers, which include oxytalan fibers, have been described in 
some tissues and lesions [32, 33]. However, there are no 
available data in the literature regarding odontogenic lesions. 

Based on these facts, the aim of the present study was to 
concomitantly qualify and quantify the arrangement and 
distribution of collagen and elastic system fibers in three 
odontogenic entities, namely: dental follicle, dentigerous 
cyst, and keratocystic odontogenic tumor. 
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MATERIALS AND METHODOLOGY 

Selection and Preparation of Samples 

This study was approved by the Research Ethics Com- 
mittee of the School of Dentistry, Universidade Federal do 
Rio Grande do Sul (UFRGS), Brazil. The material was re- 
trieved from the files of the Oral Pathology Laboratory, 
UFRGS School of Dentistry, Porto Alegre, Brazil. The study 
sample was composed of 11 sections of DF, 13 DC (n=10 
with inflammation, n=3 without inflammation), and 13 KOT. 
None of the DF and KOT specimens showed evidence of 
inflammation. The specimens were selected by revision of 
hematoxylin and eosin (HE)-stained slides, and diagnosis 
was based on clinical description, radiographic and his- 
tological features, according to the criteria proposed by the 
WHO classification [34]. 

Four 3-micrometer sections were obtained from each 
paraffin block and processed to the following staining tech- 
niques: (a) Masson's Trichrome (MT); (b) phosphomolybdic 
acid-picrosirius red modified for confocal laser microscopy 
(PMA-PSR) [35]; (c) direct blue (DB) [36]; and (d) orcein 
(OX-OR) [37]. All staining procedures were performed at 
the Department of Pathology of Instituto Oswaldo Cruz (IOC 
- Fiocruz), Rio de Janeiro, Brazil. 

Images of MT-stained specimens were captured using a 
video camera (Q-Color5™; Olympus Latin America, Inc., 
Miami, FL, USA), coupled to a binocular microscope 
(CX41RF; Olympus Latin America, Inc., Miami, FL, USA) 
and a PC Dimension 5150 (Dell, Porto Alegre, RS, Brazil), 
and then imported to and recorded by QCapture® software, 
version 2.81 (Qlmaging Co., Surrey, BC, Canada). Since 
specimens had different sizes, the number of microscopic 
fields digitized for each sample ranged from 3 to 10. The 
fields were recorded at x 100 and x400 magnification. 

Images of PMA-PSR- , DB-, and OX-OR-stained speci- 
mens were obtained using a Zeiss LSM 510 META confocal 
laser scanning microscope (Zeiss, Oberkochen, Baden- 
Wurttemberg, Germany) with HeNe laser (543 nanometers) 
and LP 560 filter. Two fields were obtained from each slide 
at xlOO and x400 of the original magnification. All images 
were recorded by +LSM Image Browser® software, version 
3.5 (Zeiss, Oberkochen, Baden-Wiirttemberg, Germany), 
which was configured to show collagen fibers in white and 
gray tones, whereas interstitial space and epithelial tissue 
were displayed as black areas. 

The same microscopic fields were selected in each stain- 
ing technique. In DF specimens, epithelial nests surrounded 
by connective tissue areas were analyzed. In DC and KOT, 
fields including epithelial tissue and the adjacent connective 
tissue were evaluated. 

The examiner had been calibrated in advance of the ex- 
perimental assessments under the supervision of an experi- 
enced pathologist. Intra- examiner calibration was performed 
by means of a second analysis of 1 out of every 10 fields 
observed, by applying the intraclass correlation coefficient (p 
< 0.01) and the kappa coefficient test (p > 0.7) to determine 
the degree of agreement for quantitative and qualitative 
analyses, respectively. The examiner was blind to which 
group the images belonged. 
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MT Analysis 

A qualitative description of the morphological aspects of 
collagen orientation and arrangement observed on images of 
MT-stained specimens was performed. A semiquantitative 
analysis (score system) was performed according to the crite- 
ria and scores described below. 

Collagen Fiber Orientation 

This criterion analyzed collagen fiber orientation in rela- 
tion to the epithelial component. The analysis was performed 
at xlOO and x400 magnification. Each case was classified 
according to the fiber orientation pattern as 1: No parallel; or 
2: Parallel. 

Arrangement of Collagen Fibers 

The organization of collagen fibers was evaluated in ar- 
eas near and distant from the epithelial component. The 
analysis was performed at xlOO and x400 magnification. 
Each case was classified as 1: Loose bundles of collagen 
fibers (loosely arranged and interwoven in all directions); or 
2: Dense (well-defined organization with orderly organized 
collagen fibers forming collagen lamellae). 

Fiber Organizatio, Organization 

The distribution of collagen fibers was evaluated along 
the connective tissue. The analysis was performed at xlOO 
magnification. Each case was classified as 1: Absent (colla- 
gen organization was similar throughout the connective tis- 
sue displaying one single collagen layer); or 2: Present (col- 
lagen fibers were arranged in two distinct layers). 

PMA-PSR Analysis 

A qualitative analysis of the morphological aspects of 
PMA-PSR-stained collagen fibers was performed using con- 
focal laser microscopy. Quantitative analysis of the collagen 
component was performed based on images of each speci- 
men using Image-Pro® Plus software, version 5.1 (Media 
Cybernetics, Inc., Silver Spring, MD, USA), in which the 
white and gray tone frequency distribution of pixels by im- 
age was converted into a histogram. White and gray pixels 
were added up and divided by the total number of pixels 
(white, gray, and black), resulting in the proportion of colla- 
gen fibers for each microscopic field. Mean collagen fiber 
proportion was then calculated for each case. 

DB and OX-OR Analysis 

Images of DB-stained specimens were used to identify 
elastic fibers, and OX-OR images to identify oxytalan fibers. 
Skin was a positive control for DB staining and blood ves- 
sels for OX-OR staining. The descriptive analysis was based 
on the assessment of either presence or absence of these fi- 
bers. 

Statistical Analysis 

The semiquantitative analysis of MT-stained specimens 
compared three distinct groups (DF, DC, KOT) according to 
collagen fiber orientation, arrangement of collagen fibers, 
and distinct layers of collagen fiber organization using the 
Kruskal-Wallis test. Multiple comparisons were performed 
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Fig. (1). Masson's Trichrome of dental follicle (a), dentigerous cyst 
without inflammation (c), dentigerous cyst with inflammation (e), 
and kerato cystic odontogenic tumor (g) (original magnification, 
x400). Confocal laser microscopy of Picrosirius red staining of 
dental follicle (b), dentigerous cyst without inflammation (d), den- 
tigerous cyst with inflammation (f), and keratocystic odontogenic 
tumor (h) (original magnification, x400). 

using Dunn's test whenever any differences were observed 
between groups. Quantitative analysis of variance (ANOVA) 
was used to compare amounts of collagen fiber in PMA- 
PSR-stained specimens. Significance level was set at 5% (p 
< 0.05). All statistical analyses were performed using 
GraphPad Prism, version 4.0 (GraphPad Software, Inc., San 
Diego, CA, USA). 

RESULTS 
MT Analysis 

Qualitative and Semiquantitative 

Overall, DF specimens exhibited collagen fibers not ar- 
ranged in parallel bundles (no parallel pattern) in relation to 
islands or a single layer of odontogenic epithelium. The col- 
lagen component was densely arranged and uniformly dis- 
tributed throughout the connective tissue (Fig. la). 

DC, regardless of the presence or absence of inflamma- 
tion, showed collagen fibers without parallel disposition in 



relation to the epithelial layer (Fig. lc, le). The main differ- 
ence observed was that DC without inflammation had 
loosely arranged collagen fibers throughout the specimen 
(Fig. lc), whereas DC with inflammation showed two dis- 
tinct layers of collagen organization. The latter exhibited a 
loose arrangement near the epithelium and dense connective 
tissue in other parts of the lesion (Fig. le). 

KOT showed collagen fibers oriented in a parallel pattern 
and loosely arranged near the epithelial lining. Two distinct 
layers of collagen could be observed along the connective 
tissue (Fig. lg). 

The results of semiquantitative MT analysis performed in 
all three odontogenic entities under study are described in 
Table 1. 

Significant differences were observed between DF, DC, 
and KOT according to the score analysis of orientation, ar- 
rangement, and presence of distinct layers of collagen fibers 
(p < 0.05). 

In the analysis of collagen fiber orientation, KOT exhib- 
ited different patterns of fiber orientation when compared to 
DF and DC (p < 0.05). KOT showed a parallel collagen ori- 
entation in relation to the odontogenic epithelia, whereas DF 
and DC did not show a parallel pattern of fiber orientation. 
This difference in collagen fiber orientation between KOT 
and DC was observed both in the presence and absence of 
inflammation (p < 0.05). 

The arrangement of DF and KOT collagen fibers was 
shown to be significantly different (p < 0.05). DF connective 
tissue showed a dense arrangement, whereas KOT exhibited 
a loose collagen arrangement. DC with inflammation exhib- 
ited a loose arrangement, while DC without inflammation 
showed a dense organization. Comparing DC subtypes, a 
significant difference in collagen arrangement was observed 
between DC without inflammation and KOT (p < 0.05) and 
DC with inflammation and DF (p < 0.05). 

When analyzing distinct layers of collagen fiber organi- 
zation, DF exhibited a distinct pattern compared to DC with 
inflammation and KOT (p < 0.05). 

PMA-PSR Analysis 
Qualitative 

DF exhibited thick fibers with dense and interwoven ar- 
rangement surrounding the odontogenic epithelial island 
(Fig. lb). DC without inflammation showed thick fibers 
throughout the connective tissue wall (Fig. Id), whereas DC 
with inflammation showed a thin collagen fiber layer near 
the epithelium associated with the inflammatory infiltrate 
(Fig. If)- The area without inflammation exhibited thick fi- 
bers arranged in dense bundles (Fig. If)- KOT showed thin 
fibers loosely arranged near the epithelium (Fig. lh) and 
thick fibers densely arranged in a distant area (Fig. If). 

Quantitative 

Quantitative analysis of the proportion of collagen fibers 
revealed no differences between groups (p = 0.3122). 
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Table 1. Semiquantitative Analysis of Masson's Trichrome Staining of Odontogenic Entities Based on Morphological Characteristics 
of Collagen Fibers 



Entities / Collagen 


Orientation 


Arrangement 


Distinct Layers 


Parallel 


No Parallel 


Loose 


Dense 


Absent 


Present 


DF 

(n=ll) 




1 (9.1%)" 


10 (90.9%) 


4(33.3%)" 


7 (66.7%) 


11 (100%)" 


0 


DC 
(n=13) 


without inflammation (n=3) 


0" 


3 (100%) 


1 (33.3%) 


2 (66.7%)" 


3 (100%)" 


0 


with inflammation 
(n=10) 


0" 


10(100%) 


9 (90.9%) b 


1 (9.1%) 


0 b 


10(100%) 


KOT 
(n=13) 




12 (92.3%) b 


1 (7.7%) 


11 (84.6%) b 


2 (15.4%) 


2(15.4%) b 


11 (84.6%) 



DC = dentigerous cysts; DF = dental follicles; KOT = keratocystic odontogenic tumors. 
" b Values followed by the same letter are not significantly different from each other. 

DB and OX-OR Analysis 

No elastic or oxytalan fiber labeling was observed in the 
studied entities. 

DISCUSSION 

The present study performed a qualitative and quantita- 
tive analysis of collagen and elastic system fibers, which are 
fibrous components of the ECM, in three odontogenic enti- 
ties. All odontogenic entities analyzed revealed a fibrous 
component associated with an epithelial tissue. It is well 
known that fiber organization and epithelial-mesenchymal 
interactions lead to different biological behaviors. 

Our results demonstrated that DF, DC, and KOT exhib- 
ited absence of elastic system fibers and a similar amount of 
collagen fibers. However, collagen fibers showed different 
morphological features regarding orientation and arrange- 
ment. The quality and organization of collagen fibers signifi- 
cantly affect the tensile strength of a connective tissue and 
consequently its capacity to support tissues and organs [38- 
40]. Collagen is the major stromal component of DF, DC, 
and KOT and was verified in this study by two-dimensional 
MT staining analysis and three-dimensional confocal laser 
microscopy with PMA-PSR staining analysis. These tech- 
niques allowed us to detect not only the presence but also 
characteristics of collagen fibers. Quantitative analyses of 
collagen fibers, especially using the picrosirius-polarization 
method, have been described in the literature [41-43]. How- 
ever, the use of a confocal laser microscope may improve 
this analysis by providing higher image resolution [41]. 

In the present study, collagen in DF and DC without in- 
flammation was found to have similar morphological charac- 
teristics, showing no parallel pattern of collagen fiber orien- 
tation and absence of distinct layers at MT analysis. On the 
other hand, DC with inflammation and KOT exhibited com- 
parable collagen organization, showing loose arrangement 
and presence of distinct layers at MT analysis. Under confo- 
cal laser microscopy, collagen fibers were thin and loosely 
arranged near the epithelium and thick and densely arranged 
in distant areas. The only morphological difference observed 
between KOT and DC with inflammation was that KOT ex- 
hibited a parallel collagen orientation in relation to the odon- 



togenic epithelia, whereas DC showed no parallel pattern of 
fiber orientation. 

When comparing our results regarding morphological as- 
pects and function of collagen fibers, DF and DC without 
inflammation appeared to have dense connective tissue, 
which is necessary for architecture stabilization of dental 
tissue surrounding unerupted teeth. The connective tissue 
responds to low-intensity stimuli by maintaining the produc- 
tion of dense and organized collagen. The presence of dense 
fibrous connective tissue in DC capsules has also been re- 
ported in previous studies [2, 4]. In contrast, DC with in- 
flammation and KOT showed loose connective tissue, which 
could be interpreted as pathologic or poor packing of colla- 
gen fibers as a result of the development of inflammatory 
and tumor processes. One may speculate that in DC this 
characteristic is attributed to the inflammatory infiltrate and 
in KOT it is associated with changes induced by neoplastic 
epithelia, promoting ECM degradation and infiltrative 
growth. 

Although DCs are classified as developmental lesions, 
the present study, as well as previous reports in the literature, 
found inflammation in the connective tissue wall in several 
cases [31]. Benn et al. [44] proposed the existence of two 
types of DC: one developmental and the other inflammatory 
in nature. It is well known that the proliferative capacity of 
epithelial cells is an indispensable ingredient for cyst forma- 
tion [45]. This capacity was reinforced by da Silva Baumgart 
et al. [46], who assessed cells of odontogenic epithelial nests 
and of the reduced epithelium of the enamel organ present in 
dental follicles and supported their involvement in the for- 
mation of cysts and tumors. If tooth eruption is capable of 
generating an inflammatory process [44], pro-mi totic chemo- 
tactic inflammatory factors present in the connective tissue 
may reach the reduced enamel epithelium in dental follicles, 
whose growth factor receptors are located in the membrane 
and cytoplasm [46], giving rise to DC. DCs with presence of 
inflammatory infiltrate in the connective tissue were associ- 
ated with a shift from a typical epithelium into a hyperplastic 
non-keratinizing stratified squamous epithelium, in addition 
to a direct influence on the organization and thickness of 
collagen fibers. DC without inflammation revealed dense 
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collagen organization similar to DF. In cases with inflamma- 
tion, loose collagen networks were observed near the epithe- 
lium and dense networks in the periphery. Inflammation 
within the DC wall may alter the microenvironment so that 
the collagen component becomes more similar to that found 
in KOT. However, the stimuli that lead to such characteristic 
are different in these lesions: inflammation is responsible for 
changes in DC and tumorigenesis in KOT [45] . 

In DC with inflammation, the main aspect likely to in- 
duce changes in collagen organization is the presence of 
plasma exudates in the interstitium. These exudates are rich 
in inflammatory mediators, such as IL-ip, TNF-a, and pros- 
taglandins, which regulate ECM production and degradation 
as well as bone resorption. In other chronic inflammatory 
conditions, such as chronic gingivitis and periodontitis, simi- 
lar connective tissue destruction occurs in response to in- 
flammation. It is believed that, in these lesions, stromal cells, 
such as resident fibroblasts or inflammatory cells, produce 
and release matrix metalloproteinases (MMPs) and cytokines 
(IL-ip and TNF-a) that amplify the inflammatory response 
by stimulating collagenase activity, which leads to loosely 
arranged collagen fibers in such areas. 

The collagen organization observed in KOT in this study 
is in agreement with that observed by other authors [9, 18], 
who reported that collagen fibers found in the fibrous KOT 
wall were as structurally disorganized as those observed in 
odontogenic tumors, but different from those observed in 
other types of cysts. This loose and parallel pattern of colla- 
gen arrangement observed in KOT may be useful to facilitate 
the separation of the epithelial lining from the underlying 
connective tissue wall, the presence of satellite cysts, and the 
invasive potential of the lesion, which are important charac- 
teristics of this tumor. 

Another explanation for the different patterns of collagen 
observed in this study may be related to the type of collagen 
present in each entity. A quantitative analysis of the collagen 
component by confocal laser microscopy revealed that all 
entities had similar collagen content. However, the tech- 
niques used in this study did not separate the types of colla- 
gen. Therefore, although the amount of collagen was similar, 
the types of collagen could have been different. 

Connective tissue stroma has been suggested to play an 
important role in the pathogenesis of KOT in several publi- 
cations [9, 18, 45]. Hirshberg et al. [18] suggest that connec- 
tive tissue stroma of KOT could be regarded not just as a 
structural support of the cyst wall, but as a functional part of 
the lesion. Our results showed that the collagen component 
of KOT stroma has a different arrangement compared to 
other odontogenic entities. However, further studies are 
needed to indicate that stroma is a functional part of the tu- 
mor, especially regarding MMP activity. 

CONCLUSION 

Assuming that DF is as a normal odontogenic structure 
and taking into account the results described here and the 
above-mentioned properties of collagen fibers, we suggest 
that DC connective tissue is a reactive tissue. Its role appears 
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to be that of maintaining an expansive growth associated 
with fluid accumulation and inflammatory process, which in 
turn may be present as part of the lesion. On the other hand, 
in KOT, loosely arranged collagen may be related to the 
neoplastic behavior of the lesion. 
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